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ABSTRACT
The g e n e r a l  f a t e  o f  a  t r a c e r  dose  o f  th ia m in e  c h l o r i d e  ( t h i a z o l e -
142-C ) h y d r o c h lo r id e  was s t u d i e d  i n  yo u n g , g row ing  r a t s  o f  th e  W is t a r
s t r a i n .  The r a t s  w ere  a l lo w e d  t o  f e e d  j d  l i b  on a t h i a m i n e - f r e e
r a t i o n  and g iv e n  20 m ic rog ram s th ia m in e  by s u b c u ta n e o u s  i n j e c t i o n
e v e r y  two d a y s .  A f t e r  10 to  14 days  o f  t h i s  r e g im e n ,  a  s i n g l e  do se  o f  
14th ia m in e -C  (243 m i l l i m i c r o c u r i e s  i n  20 m ic ro g ram s)  was a d m i n i s t e r e d .  
F o l lo w in g  i n j e c t i o n  o f  th e  l a b e l e d  m a t e r i a l ,  t h e  a n im a ls  w ere  k i l l e d  
a t  d e s i g n a t e d  t im e s  r a n g i n g  from  3 /4  hour t o  16 d a y s .  U r in e  
c o l l e c t i o n s  w ere  made a t  1- o r  2 -d a y  i n t e r v a l s .  A l l  r a t s  r e t a i n e d  
beyond  2 days r e c e i v e d  i n j e c t i o n s  o f  n o n - l a b e l e d  th ia m in e  on a l t e r n a t e  
d a y s .  B lood sam ples  were c o l l e c t e d  on some a n im a ls  a t  th e  tim e  th e y  
w ere  k i l l e d .  L i v e r ,  k id n e y ,  h e a r t ,  and b r a i n  w ere  e x c i s e d  p ro m p t ly  
a f t e r  d e a t h  and l y o p h i l i z e d .  D e te r m in a t io n  o f  th ia m in e  c o n t e n t  o f  
s a m p le s  was made by th e  th io c h ro m e  p r o c e d u r e ;  m easurem en t o f  r a d i o ­
a c t i v i t y  o f  sam p les  and o f  th io ch ro m e  f r a c t i o n s  was by  l i q u i d  
s c i n t i l l a t i o n  c o u n t i n g .
G rowth d u r in g  th e  1 6 -day  p e r io d  was r a p i d .  T i s s u e  th ia m in e  
l e v e l s ,  e x c e p t  f o r  b r a i n ,  w ere  b e low  n o rm a l a t  th e  t im e  th e  l a b e l  was 
g iv e n .  Some f u r t h e r  d e c l i n e  d u r in g  th e  c o u r s e  o f  th e  e x p e r im e n t
i n d i c a t e s  t h a t  th e  r a t s  were  i n  s l i g h t l y  n e g a t i v e  th ia m in e  b a l a n c e .
14From d a t a  on t o t a l  C a c t i v i t y  i n  th e  u r i n e ,  t h e  b i o l o g i c a l  
h a l f - l i f e  o f  th ia m in e  was d e te rm in e d  f o r  t h e s e  r a t s .  T h is  v a lu e  may
v i
r e a d  from a s e m i - l o g a r i t h m i c  p l o t  o f  a v e ra g e  c o n c e n t r a t i o n  o f  i n
th e  body v e r s u s  t im e ,  o r  from  th e  e q u a t i o n  w hich  d e s c r i b e s  th e  s t r a i g h t
l i n e  y i e l d e d  by t h i s  p l o t ;  y = 0 .0 8 7  -  0 .0 4 7  x .  The b i o l o g i c a l  h a l f -  
l i f e  i s  e s t i m a t e d  to  b e  a b o u t  6 1 /2  d a y s .
S p e c i f i c  a c t i v i t i e s  o f  th e  t i s s u e s  r a t h e r  c l o s e l y  p a r a l l e l e d  th e  
c o r r e s p o n d in g  l e v e l s  o f  t o t a l  r a d i o a c t i v i t y .  At 3 /4  hour a f t e r  
i n j e c t i o n  o f  th e  l a b e l ,  s p e c i f i c  a c t i v i t i e s  o f  k id n e y ,  l i v e r ,  b r a i n ,  
and h e a r t  w ere  1 . 8 ,  2 . 5 ,  0 .3 6 ,  and 0 .3 7  m i l l i m i c r o c u r i e s  pe r  
m icrogram  th i a m in e ,  r e s p e c t i v e l y ;  a t  1 d a y ,  2 . 1 ,  1 . 6 ,  0 . 9 9 ,  and 1 .4 ;  
a t  2 d a y s ,  1 . 5 ,  1 . 7 ,  0 . 9 9 ,  and 1 . 3 ;  a t  8 d a y s ,  0 .7 2 ,  0 .7 7 ,  0 .7 6 ,  and 
0 .6 6 ;  and a t  16 d a y s ,  0 .3 2 ,  0 .4 2 ,  0 .2 4 ,  and 0 .2 8 .  The k id n e y
e x h i b i t e d  r a p i d  d e c l i n e  f o l l o w i n g  th e  peak  v a l u e ,  w i th  no s i g n  o f  a
p l a t e a u  r e g i o n .  S p e c i f i c  a c t i v i t i e s  o f  th e  l i v e r  showed a p l a t e a u  
d u r in g  th e  t im e  i n t e r v a l  b e tw een  12 h o u rs  and 48 h o u r s .  B ra in  and 
h e a r t  b o t h  showed r a t h e r  s low  i n c r e a s e s  t o  t h e i r  r e s p e c t i v e  peak 
v a l u e s . The b r a i n  was e x c e p t i o n a l  i n  t h a t  i t  to o k  a lo n g  tim e  (8 _  
d ay s)  f o r  any s i g n i f i c a n t  d e c r e a s e  to  become a p p a r e n t .
v i i
INTRODUCTION
The m e ta b o l i c  f a t e  o f  th ia m in e  i s  co m p lex ,  and many a s p e c t s  have 
y e t  t o  be  c l a r i f i e d  ( I a c o n o  and J o h n so n ,  1957; W ues t,  1 9 6 2 ) .  One a r e a  
o f  r e s e a r c h  r e l a t i n g  t o  t h i s  p ro b lem  has f o c u s e d  on m a t t e r s  o f  d i s t r i ­
b u t i o n  and t u r n o v e r  w i t h i n  th e  a n im a l  b o d y . P io n e e r  w o rk e r s  p ro v id e d  
b a s i c  i n f o r m a t i o n  on  t r a n s p o r t  fo rm  o f  th ia m in e  i n  t h e  b lo o d  
( S i n c l a i r ,  1 9 3 9 ) ,  t i s s u e  c o n c e n t r a t i o n s  ( W e s te n b r in k ,  1932; L eong , 
1 9 3 7 a ) ,  and am ounts e x c r e t e d  i n  n o n -d e g ra d e d  form  (L eong , 1 9 3 7 b ) .
Some i n v e s t i g a t o r s  have  exam ined  t h e  s i t u a t i o n  i n  a n im a ls  p a r t i a l l y  
d e p l e t e d  o f  t h e  v i t a m i n .  I n  one a p p ro a c h ,  d e c r e a s e s  i n  th ia m in e  co n ­
c e n t r a t i o n s  o f  m a jo r  t i s s u e s  and o rg a n s  w e re  fo l lo w e d  d u r in g  
d ev e lo p m en t o f  t h e  d e f i c i e n c y  s t a t e  (W e s te n b r in k ,  1934 ; S a lc e d o  e t  a l , 
1 9 4 8 ) .  I n  a n o th e r  a p p r o a c h ,  t i s s u e  u p ta k e  o f  th ia m in e  a d m i n i s t e r e d  to  
d e f i c i e n t  a n im a ls  was s t u d i e d  ( R i n d i ,  de G u i s e p p i ,  and De C a r o ,  1962; 
P e r r i ,  1964) . The l a t t e r  e x p e r im e n t a l  d e s ig n  y i e l d s  i n f o r m a t i o n  on 
r e l a t i v e  a v i d i t y  o f  d i f f e r e n t  t i s s u e s  f o r  th ia m in e  d u r in g  th e  p e r io d  
im m e d ia te ly  f o l l o w i n g  d o s a g e .
W ith  l a b e l e d  t h i a m i n e ,  s h i f t s  o f  th e  v i t a m i n  may be  exam ined  in  
a n im a ls  i n  t h e  n o rm a l n u t r i t i o n a l  s t a t e .  T h is  i s  i m p o r t a n t ,  f o r  
m e ta b o l ism  o f  th ia m in e  i n  th e  d e f i c i e n t  an im a l may n o t  be assum ed t o  
b e  even  q u a l i t a t i v e l y  c o m p arab le  t o  t h a t  o f  th e  n o rm a l .  T h e re  a re  
o t h e r  a d v a n ta g e s  to  be  g a in e d  th ro u g h  use  o f  i s o t o p e s . Movement o f  
l a b e l e d  m o le c u le s  o f  a t e s t  dose  may be fo l lo w e d  more s p e c i f i c a l l y
2and w i t h  g r e a te r  s e n s i t i v i t y .  Furtherm ore, w ith  a p p ro p r ia te  ch em ica l  
f r a c t i o n a t i o n  o f  ’’hot" sa m p le s ,  a l t e r a t i o n s  o f  the m o lecu le  and e l im ­
in a t i o n  products may be e s t a b l i s h e d .
D e sp ite  th e  u s e f u ln e s s  o f  th iam ine i s o t o p e s ,  i t  i s  em phasized  
th a t  mere measurement o f  r a d i o a c t i v i t y  g iv e s  no i n d ic a t io n  o f  the  
m olecu lar  c o n f ig u r a t io n  o f  the r a d io a c t iv e  so u rce  i t s e l f .  Thiamine i s  
r a p id ly  c o n v er ted  by th e  t i s s u e s  i n t o  a w ide v a r i e t y  o f  m e ta b o l i t e s  
(Ia co n o  and Johnson, 1957; B a la g h l and P earson , 1 9 6 6 ) .  S ev era l  
s t u d i e s  have c o n s id e r e d  th e  m olecu lar  nature  o f  r a d io a c t iv e  
su b s ta n ce s  i n  th e  l i v e r  (V in c e n t ,  1955 , 1957; R in d i £ t  _al, 1962) and 
in  th e  u r in e  (Ia c o n o ,  W o lf ,  and Johnson , 1953 ; Iacono and Johnson,
1957; B a la g h i and P earson , 1967) o f  anim als g iv e n  la b e le d  th ia m in e .
The purpose o f  t h i s  i n v e s t i g a t i o n  was to  o b ta in  in fo rm a tio n  about 
th e  g en era l  f a t e  o f  a t r a c e r  dose o f  th iam ine in  young, growing r a t s .  
Through use o f  th e  th iochrom e procedure for  measurement o f  th ia m in e ,  
in  a d d i t io n  to  d e te r m in a t io n s  o f  r a d i o a c t i v i t y  o f sa m p les ,  d i s t i n c t i o n  
was made betw een i n t a c t  C ^ - th ia m in e  and i t s  break-down p r o d u c ts .
EXPERIMENTAL METHODS
Young male a l b i n o  r a t s  o f  W is ta r  s t r a i n  w ere  f e d  a  th ia m in e -  
d e f i c i e n t  r a t i o n 8 and m a in ta in e d  by su b cu ta n e o u s  i n j e c t i o n  o f  20 >ig
th ia m in e  c h l o r i d e  h y d r o c h lo r id e  e v e ry  o th e r  d a y .  A f t e r  10 t o  14 d a y s ,
14 ha  2 0 -p g  dose  o f  th ia m in e  c h l o r i d e  ( t h i a z o l e - 2 - C  ) h y d r o c h lo r id e  was
s u b s t i t u t e d  f o r  th e  n o n - l a b e l e d  v i t a m i n .  Some an im a ls  were  k i l l e d  a t
e a c h  o f  t h e  f o l lo w in g  t im e s  a f t e r  a d m i n i s t r a t i o n  o f  th e  C ^ - t h i a m i n e :
3 / 4 ,  l*s, 3 ,  6 ,  and 12 h o u r s ;  and 1 ,  2 ,  4 ,  8 ,  and 16 d a y s .  Those
r e t a i n e d  beyond 2 days r e c e iv e d  i n j e c t i o n s  o f  20 pg n o n - la b e le d
th i a m in e ,  as p ro v id e d  by  th e  r e g u l a r  s c h e d u le .
The s tu d y  was c o n d u c te d  s e r i a l l y  on an im a ls  from  sev e n  l i t t e r s .
T h ro u g h o u t th e  c o u r s e  o f  th e  work th e y  were housed  i n  an a i r -
c o n d i t i o n e d  room a t  20 -2 2 °C . A f t e r  w ean ing , th e  r a t s  f e d  on a  com ple te
r a t i o n 0 u n t i l  th e y  were 4 to  5 weeks o l d .  They were th e n  t r a n s f e r r e d
to  i n d i v i d u a l  m e tab o l ism  cag es  and p u t  on th e  low th ia m in e  reg im en
d e s c r i b e d  ab o v e . No one group was s u f f i c i e n t l y  l a r g e  t o  a l lo w  sam p lin g
a t  a l l  o f  th e  t im es  s p e c i f i e d ,  and a  s c a t t e r i n g  o f  s u r v i v a l  p e r io d s  was
c h o sen  f o r  e ac h  l i t t e r .  D ata  were o b ta in e d  on a  t o t a l  o f  30 r a t s .  For
v a lu e s  a t  1 ,  2 ,  4 ,  8 ,  and 16 d a y s ,  4 o r  5 r a t s  were  u sed  in  e ac h  c a s e .
V a lu es  f o r  p e r io d s  s h o r t e r  th a n  1 day were o b ta in e d  on 2 an im a ls  e a c h ,
a Purchased from N u t r i t io n a l  B ioch em ica ls  C orp oration , C lev e la n d ,  
Ohio. ,
Prepared by Nuclear R esearch C hem icals , I n c . ,  Orlando, F lo r id a ,  
c Purina Laboratory Chow.
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4e x c e p t  f o r  th e  6 -h o u r  p e r i o d ,  b a s e d  on 1 r a t  o n l y .
The 2 0 -p g  dose  o f  l a b e l e d  th ia m in e  had a c t i v i t y  o f  243 r a i l l i -  
m i c r o c u r i e s  (m p c ) . I t  was p r e p a r e d  from  s t o c k  r e p o r t e d  by th e  
m a n u f a c tu r e r  t o  have s p e c i f i c  a c t i v i t y  o f  1 2 .1 5  jic /m g, a  v a l u e  v e r i f i e d  
i n  t h i s  s t u d y .  From a  s o l u t i o n  o f  1 mg/ml (w e ig h t /v o lu m e )  p r e p a r e d  i n  
0 .0 2 5  N HCl -  25% e t h a n o l  and s t o r e d  a t  -8 ° C ,  a  s o l u t i o n  f o r  i n j e c t i o n  
was p r e p a r e d  w i t h  0.9% N aC l, th e  d e s i r e d  q u a n t i t y  o f  th e  v i t a m i n  b e in g  
p r o v id e d  i n  0 .2  m l .
14U r in e  c o l l e c t i o n s  f o l l o w i n g  i n j e c t i o n  o f  t h e  C - t h i a m i n e  were 
made on a  1- o r  2 -d a y  b a s i s .  A d d i t io n  o f  one d ro p  o f  fo rm a ld e h y d e  to  
t h e  g l a s s  c o l l e c t o r s  s e r v e d  t o  p r e s e r v e  t h e  u r i n e  s a t i s f a c t o r i l y .
E a c h  s a m p le ,  t o g e t h e r  w i t h  i t s  r i n s e s ,  was d i l u t e d  t o  100 ml w i t h  
w a t e r ,  f r o z e n ,  and s t o r e d  a t  -8 ° C .  The u r i n e  sam p les  w ere  thaw ed 
when a l i q u o t s  w ere  d e s i r e d  f o r  c h e m ic a l  w o rk .
At th e  tim e sch ed u led  fo r  k i l l i n g ,  th e  animal was a n e s t h e t i z e d  
w ith  e t h e r  and e x sa n g u in a te d .  In  some c a s e s ,  b lo o d  was c o l l e c t e d  in  
h e p a r in iz e d  tu b es  and c e n t r i f u g e d  fo r  s e p a r a t io n  o f  p lasm a. S e le c t e d  
organs ( l i v e r ,  k id n e y ,  h e a r t ,  and b r a in )  were prom ptly e x c i s e d ,  
b l o t t e d ,  w eighed in  c l o s e d ,  ta red  b o t t l e s ,  th en  fr o z e n  in  a dry i c e -  
a ce to n e  b a th  and s to r e d  a t  -8 °C . T is su e  and plasma sam ples were 
su b se q u e n t ly  l y o p h i l i z e d  and s to r e d  in  a d e s i c c a t o r .
Thiamine was measured as th ioch rom e, by a method b ased  on 
proced ures  proposed by the A s s o c ia t io n  o f  V itam in Chem ists (1 9 5 1 ) .  
Samples o f  l y o p h i l i z e d  t i s s u e  or plasma o f  known w e ig h t  (ab out 100 mg) 
were d ig e s t e d  w ith  10 ml o f  0.1N HCl, i n  a b o i l i n g  w ater b a th  fo r  
30 m in u te s .  A fte r  c o o l in g  the s u sp e n s io n  to  50°C or lo w e r ,  0 . 5  ml 
o f  the recommended b u f fe r e d  T a k a -d ia s ta se  s o l u t i o n  was added, and the
m i x t u r e  i n c u b a t e d ,  w i t h  o c c a s i o n a l  a g i t a t i o n ,  a t  4 5  t o  50°C f o r  3 
h o u r s .  I t  was t h e n  c o o l e d  t o  room t e m p e r a t u r e ,  m ix e d  t h o r o u g h l y ,  and  
f i l t e r e d  w i t h  Whatman #1 p a p e r .  The f i l t r a t e  was b r o u g h t  t o  10 ml 
w i t h  0 . 1  N HCl an d  c o r r e c t n e s s  o f  pH v a l u e  (pH 4 .2 5 )  c h e c k e d . D u p l i c a t e
2 . 5  m l - a l i q u o t s  o f  t h e  e x t r a c t s  w ere  t r a n s f e r r e d  t o  15 ml c e n t r i f u g e  
t u b e s  f o r  o x i d a t i o n  o f  t h i a m i n e  t o  t h i o c h r o m e .  To t h e  c o n t e n t s  o f  
e a c h  t u b e ,  1 . 5  ml o f  th e  recom m ended a l k a l i n e  f e r r i c y a n i d e  s o l u t i o n  
was a d d ed  an d  t h e  tu b e  g e n t l y  s w i r l e d .  I m m e d ia t e ly  t h e r e a f t e r ,
5 . 0  ml o f  i s o b u t y l  a l c o h o l  was a d d e d ,  t h e  t u b e  s h a k e n  v i g o r o u s l y  f o r  
30 s e c o n d s  a n d  t h e n  c e n t r i f u g e d  f o r  1 m in u te  a t  3000 r e v / m i n  i n  a  
c l i n i c a l  c e n t r i f u g e .  A f t e r  r e m o v a l  o f  t h e  l o w e r ,  aq u eo u s  l a y e r ,  1 g o f  
a n h y d ro u s  so d iu m  s u l f a t e  was a d d e d ,  t h e  s u s p e n s i o n  a g i t a t e d  v i g o r o u s l y  
an d  t h e n  c e n t r i f u g e d .  A p o r t i o n  o f  t h e  c l e a r  th io c h r o m e  s o l u t i o n  was 
t h e n  t r a n s f e r r e d  t o  a  q u a r t z  c u v e t t e  f o r  i n i t i a l  d e t e r m i n a t i o n  o f  
f l u o r e s c e n c e .  T h ia m in e  s t a n d a r d s  w e re  t r e a t e d  i n  p r e c i s e l y  t h e  same 
m anner  a s  t i s s u e  and p la sm a  s a m p l e s .  W ith  u r i n e  s a m p le s  and  t h e i r  
s t a n d a r d s ,  t h e  T a k a - d i a s t a s e  s t e p  was o m i t t e d .  On a l l  s a m p le s  
f l u o r e s c e n c e  was im m e d ia te ly  d e t e r m in e d  w i t h  t h e  Aminco-Bowman 
P h o t o s p e c t r o p h o t o m e t e r .  B la n k  f l u o r e s c e n c e  v a l u e s  w e re  e s t a b l i s h e d  
a f t e r  d e s t r u c t i o n  o f  t h e  th io c h r o m e  w i t h  u l t r a v i o l e t  l i g h t  (4 0  m in u te s  
a t  a  d i s t a n c e  o f  7 .6  cm f ro m  a  G e n e r a l  E l e c t r i c  H100 m e rc u ry  l a m p ) ,  
a c c o r d i n g  t o  t h e  g e n e r a l  m e th o d  o f  B u rc h  e t  _ a l .  ( 1 9 5 2 ) .
c o n t e n t  o f  s u i t a b l y  p r e p a r e d  s a m p le s  was d e t e r m in e d  w i t h  a 
P a c k a r d  T r i - C a r b  L i q u i d  S c i n t i l l a t i o n  S p e c t r o m e t e r  ( S e r i e s  31 4 - A ) .
The t a p  was s e t  a t  1120 v o l t s ,  and b o t h  c h a n n e l s  w e re  s e t  t o  p a s s  
s i g n a l s  i n  t h e  r a n g e  o f  30 t o  100 v o l t s .  R o u t i n e l y ,  s a m p le s  w ere  
c o u n t e d  3 t im e s  f o r  10 m in u te s  e a c h  c o u n t .  T hey  w e re  t h e n  e q u i l i b r a t e d
w i t h  room  t e m p e r a t u r e ,  and  50  p i  o f  i n t e r n a l  s t a n d a r d  ( C ^ - t o l u e n e ,  
P a c k a r d )  was a d d ed  t o  e a c h .  The b o t t l e s  w e re  t h e n  r e - r u n  o n  t h e  
s p e c t r o m e t e r .  By d i v i d i n g  t h e  a d d i t i o n a l  c o u n t s  p e r  m in u te  a t t r i b u t ­
a b l e  t o  t h e  i n t e r n a l  s t a n d a r d  b y  t h e  c a l c u l a t e d  a c t i v i t y  o f  t h e  i n t e r ­
n a l  s t a n d a r d  ( e x p r e s s e d  i n  c o u n t s / m i n )  t h e  c o u n t i n g  e f f i c i e n c y  f o r  e a c h  
s am p le  was o b t a i n e d .  W ith  t h e s e  f i g u r e s ,  t h e  c o u n t s  c o u l d  b e  c o r r e c t e d  
f o r  q u e n c h i n g .
F o r  d e t e r m i n a t i o n  o f  t o t a l  a c t i v i t y  o f  l y o p h i l i z e d  t i s s u e  and 
p l a s m a ,  s a m p le s  o f  a p p r o x i m a t e l y  5 mg w ere  t r a n s f e r r e d  t o  t a r e d  
c o u n t i n g  b o t t l e s  and  w e ig h e d  t o  t h e  n e a r e s t  h u n d r e d t h  mg. F o l l o w i n g  
a d d i t i o n  o f  1 ml Hyam ine-lO X  ( P a c k a r d ) ,  t h e y  w e re  d i g e s t e d  f o r  
24 h o u r s  i n  a  w a t e r  b a t h  a t  5 5 °C . The b o t t l e s  w e re  c o o l e d  t o  room  
t e m p e r a t u r e  p r i o r  t o  a d d i t i o n  o f  14 ml s c i n t i l l a t i o n  f l u i d .  The 
l a t t e r  s o l u t i o n  was p r e p a r e d  b y  d i s s o l v i n g  6 g  PPO ( P a c k a r d )  and  
0 . 1  g POPOP ( P a c k a r d )  i n  t o l u e n e  and  d i l u t i n g  t o  1 l i t e r .  S am ples  w ere  
c o u n t e d  a s  p r e v i o u s l y  d e s c r i b e d .  I n  t h e  c a s e  o f  u r i n e  s a m p l e s ,  0 .2  ml 
a l i q u o t s  w e re  t r a n s f e r r e d  t o  c o u n t e r  b o t t l e s  and  t h e  w a t e r  rem o v ed  by  
f r e e z e - d r y i n g .  Hyamine and  s c i n t i l l a t i o n  f l u i d  w e re  u s e d  a s  d e s c r i b e d  
a b o v e .
F o r  c o u n t s  o f  r a d i o a c t i v i t y  on " th io c h r o m e  f r a c t i o n s " ,  2 ml 
a l i q u o t s  o f  t h e  i s o b u t a n o l  s o l u t i o n s  u s e d  f o r  t h i a m i n e  d e t e r m i n a t i o n  
w e re  em p lo y ed  w i t h  10 ml B r a y ' s  s c i n t i l l a t i o n  f l u i d  ( 1 9 6 2 ) .  C a l c u l a t e d  
v a l u e s  o f  t h i a m i n e  r a d i o a c t i v i t y  w e re  c o r r e c t e d  f o r  l o s s e s  o c c u r r i n g  
d u r i n g  d i g e s t i o n  and  th io c h r o m e  p r o c e d u r e s ;  f a c t o r s  e s t a b l i s h e d  f o r  
u r i n e  and  t i s s u e  s a m p le s  w e re  1 .1 9  and  1 . 5 2 ,  r e s p e c t i v e l y .
RESULTS
A. G e n e ra l  c o n d i t i o n  and g ro w th  o f  th e  a n i m a l s ; t o t a l  th ia m in e  c o n t e n t  
o f  t i s s u e s  and u r i n e
R ap id  and  c o n s i s t e n t  g row th  was shown by  a l l  o f  th e  r a t s ,  d e s p i t e  
t h e  low l e v e l  o f  th e  v i t a m i n  i n t a k e .  F ig u r e  1 i n c l u d e s  a c o m p o s i te  
w e ig h t  c u rv e  f o r  a n im a ls  k i l l e d  2 -1 6  days  f o l l o w i n g  a d m i n i s t r a t i o n  o f  
t h e  l a b e l e d  m a t e r i a l .  I t  i s  o f  i n t e r e s t  t h a t  a v e ra g e  d a i l y  w e ig h t  
g a in  was 4 to  5 grams th r o u g h o u t  th e  c o u r s e  o f  t h e  1 6 -day  p e r i o d .
D a ta  on th ia m in e  c o n t e n t  o f  t h e  s e v e r a l  o rg a n s  a n a ly z e d  a r e  a l s o  
g iv e n  i n  F ig u r e  1 .  E x c e p t  f o r  b r a i n ,  c o n c e n t r a t i o n s  a r e  b e low  th o s e  
r e p o r t e d  i n  th e  l i t e r a t u r e  f o r  r a t s  f e e d i n g  _ad l i b  on r a t i o n s  r e l a t i v e l y  
h i g h  i n  t h i a m i n e .  B r a i n  h e a r t ,  and l i v e r  th ia m in e  w ere  m a in t a i n e d  a t  
f a i r l y  c o n s t a n t  l e v e l s  th r o u g h  day 8 .  I n  a n im a ls  k i l l e d  on th e  
1 6 th  d a y ,  mean b r a i n  th ia m in e  was o n ly  s l i g h t l y  (7%) lo w er  th a n  on days 
2 and 4 ;  c o r r e s p o n d i n g  l o s s e s  f o r  h e a r t ,  l i v e r ,  and k id n e y  w ere  1 9 ,  2 8 ,  
and 44%,r e s p e c t i v e l y . D e s p i t e  g e n e r a l  lo w e r in g  o f  body t h i a m i n e ,  no 
o v e r t  symptoms o f  t h i a m in e  d e f i c i e n c y  w ere  o b s e r v e d .
Some in f o r m a t i o n  i s  y i e l d e d  on th e  e x t e n t  t o  w h ic h  t i s s u e  
th ia m in e  l e v e l s  f l u c t u a t e d  i n  r e l a t i o n  t o  a d m i n i s t r a t i o n  o f  th e  v i t a m in  
( a  s i n g l e  dose  o f  20 pg on a l t e r n a t e  d a y s ) .  Two r a t s  w ere  k i l l e d  a t  
3 /4  hou r a f t e r  th e  i n j e c t i o n  o f  C ^ - t h i a m i n e ; 2 a t  12 h o u r s ,  and  4 a t  
24 h o u r s .  V a lu e s  on t h e s e  8 an im a ls  may be  com pared w i t h  th o s e  
o b t a i n e d  on th e  8 k i l l e d  on days 2 and 4 (an d  th u s  48 h o u rs  a f t e r
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F ig u r e  1 .  G rowth c u rv e  and t i s s u e  th ia m in e  v a l u e s  f o r  young m ale  r a t s  
i n j e c t e d  s u b c u ta n e o u s ly  w i t h  20 vs. th ia m in e  on a l t e r n a t e  d a y s . A.
G ain  i n  body w e i g h t .  P o in t s  a r e  a v e r a g e s  on 17 r a t s  f o r  w h ich  th ia m in e  
v a lu e s  a r e  g iv e n  b e lo w . On day 0 ,  a v e ra g e  w e ig h t  was 164 g .  B. 
T hiam ine  c o n c e n t r a t i o n s  i n  t i s s u e s .  V e r t i c a l  b a r s  i n d i c a t i n g  k id n e y  
and l i v e r  v a l u e s  a r e  su p e r im p o se d  on th o s e  f o r  h e a r t  and b r a i n .  D a ta  
a r e  f o r  i n d i v i d u a l  r a t s ,  a l l  o f  w h ich  r e c e i v e d  t h e i r  l a s t  i n j e c t i o n  o f  
th ia m in e  48 h o u rs  b e f o r e  b e in g  k i l l e d .
9i n j e c t i o n  w i t h  e i t h e r  l a b e l e d  o r  n o n - l a b e l e d  t h i a m i n e ) . Of th e  4 
t i s s u e s  e x am in ed ,  o n ly  t h e  l i v e r  showed a s u s t a i n e d  e l e v a t i o n  o f  
th ia m in e  d u r in g  th e  f i r s t  24 h o u r s .  A verage  th ia m in e  c o n c e n t r a t i o n s  
o f  th e  l i v e r  sam ples  w ere  9 . 5 ,  9 . 8 ,  and 8 .9  p g /g  d ry  w e ig h t ,  
r e s p e c t i v e l y ,  f o r  t h e  t h r e e  s h o r t - t e r m  p e r i o d s  i n d i c a t e d  ab o v e ;  
a v e ra g e  f o r  t h e  a n im a ls  k i l l e d  48  h o u rs  a f t e r  an i n j e c t i o n  was 6 .7  p g /g .  
I n  th e  c a s e  o f  th e  k id n e y ,  o n ly  t h e  3 /4  h o u r  sam p les  e x c e e d e d  th e  
a v e r a g e  4 8 -h o u r  v a l u e ,  and th e  e l e v a t i o n  was o n ly  a b o u t  12%. H e a r t  and 
b r a i n  showed no a p p a r e n t  change  i n  r e s p o n s e  t o  i n j e c t i o n  o f  t h e  r e g u l a r  
th ia m in e  d o s e ;  i n  e a c h  i n s t a n c e  t h e  a v e ra g e  o f  8 v a l u e s  a c q u i r e d  f o r  
t h e  f i r s t  24 h o u rs  v a r i e d  o n ly  5% from th e  a v e ra g e  4 8 -h o u r  c o n c e n t r a ­
t i o n .
I n t a c t  th ia m in e  e x c r e t e d  by th e  k id n e y  v a r i e d  r a t h e r  w id e ly .  
F l u c t u a t i o n s  o c c u r r e d  i n  e x c r e t i o n  by a g iv e n  a n im a l ,  and  some r a t s  
e l i m i n a t e d  a lm o s t  tw ic e  a s  much as  o t h e r s .  A s lo w  d e c l i n e  i n  th ia m in e  
c o n t e n t  o f  th e  u r in e  was shown. D uring  days  1 -4  o f  th e  e x p e r im e n t ,  
t o t a l  u r i n a r y  th ia m in e  r a n g e d  from  1 0 .6  -  2 0 .8  pg (5 r a t s ) ;  i n  t h e s e  
a n im a l s ,  t h e n ,  th ia m in e  l o s s  ( e x c l u s i v e  o f  t h a t  d e g ra d ed )  am ounted  to  
25-50% o f  th e  t o t a l  th ia m in e  a d m i n i s t e r e d  i n  th e  4 -d a y  p e r i o d .  D uring  
days  5 - 8 ,  th ia m in e  l o s s  m easu red  in  3 r a t s  o n ly  was s l i g h t l y  low er 
( r a n g e ,  9 . 3 - 1 5 . 8  p g ) . I n  th e  c a s e  o f  one r a t  f o r  w h ich  c o l l e c t i o n s  
w ere  made th ro u g h  day 16 , t o t a l  u r i n a r y  th ia m in e  f o r  t h i s  p e r i o d  was
5 8 .5  pg ( a b o u t  36% o f  th e  t o t a l  i n t a k e ) .
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B . U rinary e x c r e t i o n  o f  ; e s t im a t io n  o f  " h a l f - l i f e "  o f  th iam ine In  
th e  body
A verage  u r i n a r y  l o s s  o f  d u r in g  th e  f i r s t  24 h o u rs  a f t e r
i n j e c t i o n  o f  t h e  l a b e l e d  th ia m in e  am ounted  t o  18.8% o f  t h e  d o s e .
Among th e  9 a n im a ls  on w h ich  t h i s  d e t e r m i n a t i o n  was m ade, t h e r e  was
r a t h e r  w ide  v a r i a t i o n ,  th e  r a n g e  o f  l o s s  b e i n g  1 1 .9  -  24.6% . On th e
a v e r a g e ,  a lm ost h a l f  o f  th e  i n j e c t e d  was e x c r e te d  by the end o f
14th e  6 th  day. In  th e  c a s e  o f  the one animal fo r  w hich u r in a ry  C was
f o l l o w e d  th r o u g h  day 1 6 ,  52%. o f  t h e  a c t i v i t y  was e l i m i n a t e d  by day 6 ,
and  74%. by  day 1 6 .  The u p p e r  c u rv e  i n  F i g u r e  2 shows a v e ra g e  cum ula-
14t i v e  ( t o t a l )  l o s s  o f  C th ro u g h  t h e  u r i n e ;  c u m u la t iv e  v a l u e s  on 
i n d i v i d u a l  r a t s  a r e  i n c l u d e d  i n  F ig u r e  3 .
From u r in a r y  e x c r e t i o n  v a l u e s ,  i t  sh ou ld  be p o s s i b l e  to  
determ ine  the  " h a l f - l i f e "  o f  C ^ - t h ia m in e  i n  th e  b od y . S in ce  i t  i s  
u n l i k e l y  th a t  th e  l a b e l e d  m o lecu le  i s  han dled  d i f f e r e n t l y  from th e  non­
l a b e l e d ,  th e  above v a lu e  w i l l  a l s o  be th e  h a l f - l i f e  o f  th ia m in e .
Though d e t a i l s  o f  e l im in a t io n  are o f t e n  c o m p lic a te d ,  one may approach  
th e  problem through use  o f  the s im p le s t  model a v a i l a b l e .  For a f i r s t  
a p p rox im ation , sm a ll  f e c a l  l o s s e s  (Leong, 1937b; Ia co n o , W oolf, and 
Johnson , 1953; McCarthy, C erecedo , and Brown, 1954; M iddleton  and 
M orrison , 1962) may be n e g l e c t e d .  I f  th e  e l im in a t io n  i s  o f  the  f i r s t  
order type ( i . e . ,  th e  r a t e  o f  e x c r e t io n  i s  a r e f l e c t i o n  o f  th e  con­
c e n t r a t io n  o f  r a d i o a c t i v i t y  in  th e  body f l u i d s ) ,  a s e m ilo g a r ith m ic  
p l o t  o f  c o n c e n tr a t io n  v e r s u s  tim e would y i e l d  a s t r a i g h t  l i n e .  In some 
c a s e s  one may c a l c u l a t e  the h a l f - l i f e  o f  a su b sta n ce  in  th e  body by 
knowing o n ly  th e  amount which i s  e l im in a te d  in  a s e r i e s  o f  uniform  
i n t e r v a l s  ( S w in t o s k i ,  1957; R esc ig n o  and S e g r e ,  1 9 6 6 ) .  As n o ted
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e a r l i e r  i n  t h i s  s e c t i o n ,  t h e  r a t s  i n  t h i s  e x p e r im e n t  w ere  g ro w in g
r a p i d l y .  F o r  t h i s  r e a s o n ,  " o v e r - a l l  body  c o n c e n t r a t i o n "  ( q u a n t i t y  o f  
14C c a l c u l a t e d  t o  b e  i n  t h e  body  a t  a  g iv e n  t im e  d i v i d e d  by  body 
w e ig h t  a t  t h a t  t im e )  was p l o t t e d  a g a i n s t  t im e  on a  s e m i l o g a r i t h m i c  
g r i d  ( F i g u r e  4 ) .
By c o n v e n t i o n a l  m e th o d s  ( S p i e g e l ,  1961) an e q u a t i o n  f o r  a 
r e g r e s s i o n  l i n e  may b e  c a l c u l a t e d  from  th e  d a t a .  The f o l l o w i n g  
e q u a t i o n  i s  o b t a i n e d :
y  = 0 .0 8 7  -  0 , 047X
From t h i s  e q u a t i o n ,  t h e  b i o l o g i c a l  h a l f - l i f e  l e n g t h  o f  t im e
r e q u i r e d  f o r  t h e  c o n c e n t r a t i o n  o f  X t o  become h a l f  i t s  o r i g i n a l  
v a l u e )  may be  d e t e r m i n e d .  I n  t h i s  c a s e  i t  i s  c a l c u l a t e d  t o  b e  6 .4  
d a y s .  T h i s  i n d i c a t e s  t h a t  i n  y o u n g ,  g ro w in g  r a t s  m a i n t a i n e d  on low 
t h i a m in e  h a l f  o f  t h e  t h i a m i n e  m o le c u le s  p r e s e n t  i n  u n i t  volum e o f  t h e  
b o d y  a t  any g iv e n  t im e  w i l l  have  b e e n  e l i m i n a t e d  a b o u t  6 .4  days  l a t e r .
C . S p e c i f i c  a c t i v i t y  o f  th i a m in e  i n  th e  t i s s u e s
F i g u r e  5 g i v e s  p a t t e r n s  o b t a i n e d  f o r  c h a n g e s  i n  s p e c i f i c  a c t i v i t y  
o f  th i a m in e  d u r i n g  t h e  f i r s t  8 days  f o l l o w i n g  i n j e c t i o n  o f  t h e  l a b e l e d  
com pound. V a lu e s  f o r  s p e c i f i c  a c t i v i t y  w ere  c a l c u l a t e d  from  c o n c e n t r a ­
t i o n s  o f  t i s s u e  th i a m in e  i n  i n d i v i d u a l  a n im a ls  (T a b le  I )  and
14c o r r e s p o n d i n g  v a l u e s  on C a c t i v i t y  o f  th io c h ro m e  f r a c t i o n s  (T a b le  I I )  . 
T a b le  I I I  shows s p e c i f i c  a c t i v i t i e s  o f  t i s s u e  th i a m in e  d e te r m in e d  f o r  
i n d i v i d u a l  a n i m a l s .
The e a r l i e s t  v a l u e s  shown i n  F ig u r e  5 a r e  f o r  3 /4  h o u r .  A t t h i s  
t im e  l i v e r  and k id n e y  showed h ig h  s p e c i f i c  a c t i v i t i e s .  S in c e  t h ia m in e
12
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TIM E  A F T E R  IN JE C T IO N  -  D A TS
F ig u r e  2 .  U r in a r y  e x c r e t i o n  o f  and o f  th i a m in e  b y  y o u n g ,
g ro w in g  r a t s  g iv e n  a  s i n g l e  t r a c e r  dose  o f  t h e  v i t a m i n . C u m u la t iv e  
e x c r e t i o n  o f  ( o r  o f  l a b e l e d  t h i a m in e )  i s  g iv e n  as p e r c e n t a g e  o f
i n j e c t e d  d o s e .  On a l t e r n a t e  days b e f o r e  and a f t e r  a d m i n i s t r a t i o n  o f  
t h e  l a b e l e d  m a t e r i a l ,  t h e  r a t s  w ere  i n j e c t e d  s . c .  w i t h  20 pgjn t h i a m i n e ;  
no th ia m in e  was p r o v id e d  b y  th e  d i e t .  The 20-pgm dose  g iv e n  on day  0 
had  a c t i v i t y  o f  243 m pc. P o i n t s  f o r  d ay s  1 , 2 ,  4 ,  6 , an d  8 days  a r e  
means o f  v a l u e s  f o r  9 , 11, 5 , 3 , and 3 r a t s ,  r e s p e c t i v e l y ;  p o i n t s  
b ey o n d  8 days  a r e  v a l u e s  o b t a i n e d  on one r a t  o n l y .
PE
R
C
C
M
TA
dC
 
OF 
IN
JE
C
T
C
O
13
TOTAL C
I t 4 < •
TIM E AFTER IN JEC T IO N - DATS
F ig u r e  3 .  V a r i a t i o n s  i n  c u m u la t iv e  u r i n a r y  e x c r e t i o n  o f  and  o f  
14C - th i a m in e  by i n d i v i d u a l  r a t s  a f t e r  a  t r a c e r  dose  o f  th e  v i t a m i n . 
Columns f o r  th e  two s e t s  o f  v a l u e s  a r e  s u p e r im p o se d .
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14F ig u r e  4 .  R a te  o f  C lo a a  by  g ro w in g  r a t s  a f t e r  _a s i n g l e  t r a c e r  d o se  
14o f  C - t h i a m i n e . H ere  t h e  b o d y  i s  r e g a r d e d  a s  a  s i n g l e  c o m p a r tm e n t ,
14and i t s  o v e r - a l l  c o n c e n t r a t i o n  com puted  b y  d i v i d i n g  t h e  amount o f  C 
p r e s e n t  i n  t h e  body a t  any  g iv e n  t im e  by  th e  c u r r e n t  w e ig h t  o f  t h e  
a n im a l .  No a c c o u n t  i s  t a k e n  o f  s m a l l  f e c a l  l o s s e s .  P o i n t s  f o r  days  1 ,  
2 ,  4 ,  6 ,  and 8 a r e  means from  d a t a  o b t a i n e d  from  9 ,  1 1 ,  5 ,  3 ,  and  3 
r a t s ,  r e s p e c t i v e l y .  A l l  r a t s  r e c e i v e d  low th ia m in e  d o sag e  on a l t e r n a t e  
d a y s ,  b o t h  p r e c e d i n g  and f o l l o w i n g  t h e  s u b c u ta n e o u s  i n j e c t i o n  o f  
l a b e l e d  v i t a m i n  on day 0 .  From th e  5 p o i n t s  shown i n  t h i s  f i g u r e ,  th e  
f o l l o w i n g  r e g r e s s i o n  e q u a t i o n  was c a l c u l a t e d :  y = 0 .0 8 7  -  0 .0 4 7  x .
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d e t e r m i n a t i o n s  w e re  n o t  r u n  on  th e  s a m p le s  c o l l e c t e d  a t  3 and  6 h o u r s ,  
t h e  c o u r s e  o f  c h a n g e  I n  s p e c i f i c  a c t i v i t y  o f  t h e s e  t i s s u e s  i s  n o t  
e s t a b l i s h e d  f o r  t h i s  t im e  i n t e r v a l .  I t  i s  l i k e l y  t h a t  l i v e r  had  
r e a c h e d  i t s  p e ak  l e v e l  i n  s p e c i f i c  a c t i v i t y  e a r l i e r  t h a n  3 /4  h o u r ;  t h e  
p e a k  f o r  k i d n e y  a p p a r e n t l y  o c c u r r e d  som ew hat l a t e r .  V a lu e s  fro m  
12 h o u r s  on  chow d i s t i n c t  d i f f e r e n c e s  i n  p a t t e r n  f o r  l i v e r  an d  k i d n e y .  
The fo r m e r  h a s  a  p l a t e a u  f ro m  a b o u t  12 h o u r s  ' t h r o u g h  48  h o u r s .
Som etim e a f t e r  48  h o u r s  t h e  s p e c i f i c  a c t i v i t y  o f  l i v e r  d e c l i n e s ;  
d e c r e a s e  c o n t i n u e s  t h r o u g h o u t  t h e  p e r i o d  o f  s t u d y .  The k i d n e y ,  on  t h e  
o t h e r  h a n d ,  shows no  l e v e l i n g  p h a s e ,  b u t  p r o g r e s s i v e  d e c l i n e .
H e a r t  and  b r a i n  showed low s p e c i f i c  a c t i v i t y  a t  3 /4  h o u r s .  B o th  
i n c r e a s e d ,  t h e  h e a r t  a t  a  f a s t e r  r a t e ,  t h r o u g h  t h e  f i r s t  d a y .  S p e c i f i c  
a c t i v i t y  o f  t h e  h e a r t  a t  2 d a y s  was o n ly  s l i g h t l y  lo w e r  t h a n  a t  1 d a y ;  
d e c r e a s e  o c c u r r e d  s lo w ly  t h e r e a f t e r .  B r a i n  e x h i b i t e d  a  p r o lo n g e d  
p l a t e a u  o f  s p e c i f i c  a c t i v i t y .  The a v e r a g e  v a l u e  a t  4 d a y s  was o n ly  
10% lo w e r  t h a n  a t  d a y s  1 an d  2 ;  a t  8 d ay s  t h e  d e c l i n e  h ad  p r o g r e s s e d  t o  
25%.
S p e c i f i c  a c t i v i t i e s  o b s e r v e d  d u r i n g  p l a t e a u s  o r  r e l a t i v e l y  s lo w -  
c h a n g in g  p h a s e s  o f  t h e  c u r v e s  a r e  o f  i n t e r e s t .  I n  t h e  c a s e  o f  t h e  
l i v e r ,  i t  was a b o u t  1 .7  m p c /p g  t h i a m i n e ;  f o r  t h e  b r a i n ,  1 . 0 ;  f o r  t h e  
h e a r t ,  a s s u m in g  t h a t  i t  d i d  n o t  e x h i b i t  a  s h a r p  p e ak  b e tw e e n  1 and 2 
d a y s ,  a b o u t  1 . 4 .
T im es a t  w h ic h  t h e  s p e c i f i c  a c t i v i t i e s  o f  t h e  s e v e r a l  t i s s u e s  
w e re  a b o u t  e q u a l  may a l s o  b e  n o t e d .  A t 4 d a y s ,  a v e r a g e  s p e c i f i c  
a c t i v i t y  o f  k i d n e y ,  h e a r t ,  and  b r a i n  w e r e ,  i n  e a c h  c a s e ,  a b o u t  
0 . 9 0  m u c /u g  t h i a m i n e ;  s p e c i f i c  a c t i v i t y  o f  l i v e r  t h i a m in e  was 30% 
h i g h e r .  At 8 d a y s ,  a b s o l u t e  d i f f e r e n c e  i n  s p e c i f i c  a c t i v i t y  of
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TIME AFTER INJECTION-DAYS
F ig u r e  5 .  S p e c i f i c  a c t i v i t y  o f  t i s s u e s  from  grow ing  r a t s  a f t e r  a  
s i n g l e  I n j e c t i o n  o f  243 muc C ^ - t h i a m i n e . P o in t s  f o r  3 /4  hou r and  f o r  
12 h o u rs  a r e  a v e r a g e s  o f  2 r a t s  I n  a l l  c a s e s  e x c e p t  th e  1 2 -h o u r  k id n e y  
sam ple (1 r a t  o n l y ) .  P o in t s  f o r  days 1 ,  4 ,  6 ,  and 8 a r e  means f o r  
4 r a t s ;  f o r  day 2 ,  5 r a t s .
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T able  I .  Thiamine c o n te n t  o f  t i s s u e s
Time R a t  No. T h iam in e  c o n c e n t r a t i o n  (p g /g  d ry  t i s s u e 1)
K idney L iv e r B r a in H e a r t
3 /4  h r BIO 7 .2 8 .1 1 3 .1 7 .5
E38 7 .2 1 1 .0 1 1 .3 1 2 .7
Mean 7 .2 9 .6 1 2 .2 1 0 .1
12 h r H28 5 .9 6 .6 1 0 .4 1 0 .1
E41 --------- 1 3 .0 1 2 .5 16 .4
Mean 9 .8 1 1 .4 1 3 .2
1 day D24 5 .4 8 .4 1 0 .6 9 .0
. E42 6 .7 8 .0 1 1 .2 9 .4
F44 4 . 5 9 .6 1 2 .2 6 .5
G47 5 .7 9 .7 1 3 .6 9 .7
Mean 5 .6  *  0 .9 * 8 .9  + 0 -8 * 1 1 .9  ±  1 .3 * 8 .6  + 1 .5 *
2 day B8 5 .5 6 .4 8 .5 9 .4
H27 --------- 7 .8 1 1 .4 6 .5
F45 5 .5 5 .6 1 0 .1 9 .7
G48 6 .1 5 .1 1 3 .7 1 0 .5
G49 6 .2 6 .5 1 2 .3 8 .2
Mean 5 .8  ± 0 .4 6 .3  ± 1 . 0 1 1 .2  + 2 .0 8 .9  ±  1 .6
4 day B9 6 .7 5 .6 7 .5 1 0 .4
D20 6 .1 6 .1 1 3 .5 1 1 .1
D25 5 .8 8 .3 1 3 .4 1 2 .6
G50 8 .0 8 .1 1 2 .6 1 3 .5
Mean 6 .6  * 1 . 0 7 . 0  + 1 . 4 1 1 .8  +  2 .9 1 1 .9  + 1 .4
8 day D21 4 .4 7 .3 1 1 .4 9 .6
D22 5 .1 6 .9 1 2 .2 1 1 .8
G51 5 .5 7 .7 1 0 .1 1 1 .2
G52 4 .2 8 .9 1 3 .2 1 1 .4
Mean 4 . 8  ± 0 .6 7 .7  + 0 .9 11 .7  + 1 .3 1 1 .0  + 1 .0
16 day D18 3 .7 5 .2 1 1 .6 8 . 0
D19 3 .7 4 .4 9 .5 8 .2
D23 2 .8 5 .2 1 0 .8 7 .7
F46 3 .9 4 .6 1 0 .5 7 .1
Mean 3 .5  *  0 .5 4 .8  + 0 .4 1 0 .6  +  0 .9 7 .8  + 0 .5
Standard d e v ia t io n
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T ab le  I I .  R a d i o a c t i v i t i e s  o f  th iochroroe f r a c t i o n s
Time R a t  No. R a d i o a c t i v i t y  (m hc/ r d r y  t i s s u e )
K id n e y L i v e r B r a i n H e a r t
3 /4  h r BIO
E38
Mean
1 4 .5
1 1 .6  
1 3 .0
1 7 .8
3 0 .8  
2 4 .3
4 . 5
4 . 2
4 . 4
2 . 3
5 . 5
3 .9
12 h r H23
E41
Mean
1 6 .5 1 3 .4
1 9 .1
1 6 .2
8 . 6
8 . 7
8 . 6
1 0 .7  
1 0 .9
1 0 .8
1 day D24
E42
F44
G47
Mean
1 0 .8
1 3 .8
9 . 7
H . 6  *  
1 1 .5  *  1 .7
1 4 .1
1 3 .0
1 7 .2
1 3 .1
1 4 .4  ± 2 . 0 *
1 0 .5
1 1 .6  
1 1 .1
1 3 .7
1 1 .7  ±  1 .4 *
1 1 .4  
1 3 .2  
1 2 .1  
1 1 .6  * 
1 2 .1  ±  0 . 8
2 day B8
H27
F45
G48
G49
Mean
7 .8
8 . 6
9 . 6
9 .4
8 . 8  i  0 . 8
9 .2
1 2 .4
9 . 6
9 .7  
1 3 .0
1 0 .8  t  1*8
8 . 5
1 0 .7
1 0 .3  
1 3 .6
1 2 .3
1 1 .1  t  2 *°
1 1 .0
9 .4
1 1 .4
1 3 .3
1 0 .4
1 1 .1  +  1 .4
4 day B9
D20
D25
G50
Mean
5 . 0
6 .1
5 . 7
6 . 8
5 . 9  t  0*8
7 .2
7 .8
8 . 6
8 . 7
8 .1  +  0 .7
7 .1
1 3 .0
1 0 .8
1 1 .7
1 0 .6  +  2 . 5
9 . 7
1 1 .6
1 0 .6
1 1 .0
1 0 .7  ±  0 . 8
8 day D21
D22
G51
G52
Mean
2 . 9
3 .6
3 .5
3 .8
3 .4  t  0 . 4
5 . 4
6 . 7
5 . 7
5 . 7
5 . 9  ±  0 .6
1 1 .0
7 .1
8 . 9
8 . 0
8 . 8  ±  1 .7
5 . 4  
9 .2
7 . 0
8 . 0
7 .4  *  1*6
16 day D18
D19
D23
F46
Mean
1 .2
1 .2
0 . 9
1 .2
1 .1  -i 0 .2
2 . 3
2 . 1
1 .8
2 . 0
2 . 0  +  0 .2
3 .2
2 . 4  
2 . 1
2 . 4
2 . 5  +  0 . 5
2 .2  
2 . 3  
2 . 1  
2 . 0  
2 . 2  +  0 .1
S t a n d a r d  d e v i a t i o n
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T a b le  I I I .  S p e c i f i c  a c t i v i t i e s  o f  l y o p h i l i z e d  t i s s u e s
Time R a t  No S p e c i f i c  A c t i v i t y r (m pc/uR th ia m in e }
K id n e y L i v e r B r a i n H e a r t
3 / 4  h r BIO 2 .0 1 2 .1 9 0 .3 4 0 .3 1
E38 1 .6 1 2 . 8 0 0 .3 7 0 .4 3
Mean 1 .8 1 2 . 5 0 0 .3 6 0 .3 7
12 h r H28 2 . 8 0 2 .0 3 0 .8 3 1 .0 0
E41 ------- 1 .4 7 0 .7 0 0 .6 6
1 .7 5 0 .7 6 0 .8 3
1 day D24 2 . 0 0 1 .6 8 0 .9 9 1 .2 6
E42 2 .0 4 1 .6 2 1 .0 4 1 .4 0
F44 2 .2 6 1 .7 9 0 .9 1 1 .8 6
G47 2 .0 2 1 .3 5 1 .0 1 1 .2 0
2 . 0 8  ± 0 .1 2 * 1 .6 1  ± 0 .1 9 * 0 .9 9  ± 0 .0 6 * 1 .4 3  -f 0 .3 0 *
2 day B8 1 .4 3 1 .4 4 1 .0 0 1 .1 7
H2 7 ------- 1 .5 9 0 .9 4 1 .4 4
F45 1 .5 5 1 .7 1 1 .0 1 1 .1 8
G48 1 .5 6 1 .9 0 0 .9 9 1 .2 7
G49 1 .5 2 2 . 0 0 1 .0 0 1 .2 7
1 .5 2  *  0 .0 6 1 .7 3  ■* 0 .2 3 0 .9 9  ± 0 .0 3 1 .2 7  ± 0 .1 1
4 day B9 0 .7 4 1 .2 9 0 .9 5 0 .9 3
D20 1 .0 0 1 .2 8 0 .9 6 1 .0 4
D25 0 .9 8 1 .0 4 0 .8 1 0 .8 4
G50 0 .8 5 1 .0 8 0 .9 3 0 .8 1
0 .8 9  ±  0 .1 2 1 .1 7  ± 0 .1 3 0 .9 1  ± 0 .0 7 0 .9 0  + 0 .1 0
8 day D21 0 .6 6 0 .7 4 0 .9 6 0 .5 6
D22 0 .7 0 0 .9 7 0 .5 8 0 .7 8
G51 0 .6 4 0 .7 4 0 .8 8 0 .6 2
G52 0 .9 0 0 .6 4 0 .6 1 0 .7 0
0 .7 2  dr 0 .1 2 0 .7 7  *  0 .1 4 0 .7 6  +  0 .1 9 0 .6 6  ± 0 .1 0
16 day Dl8 0 .3 2 0 .4 4 0 .2 8 0 .2 8
D19 0 .3 2 0 .4 8 0 .2 5 0 .2 8
D23 0 .3 2 0 .3 5 0 .1 9 0 .2 7
F46 0 .3 1 0 .4 3 0 .2 3 0 .2 8
0 .3 2  *  0 .0 0 0 .4 2  + 0 .0 6 0 .2 4  ± 0 .0 4 0 .2 8  ± 0 .0 1
S ta n d a r d  d e v i a t i o n
20
t h e  t i s s u e s  was s m a l l  l i v e r ,  0 .7 7  “i j ic /g ;  b r a i n ,  0 . 7 6 ;  k i d n e y ,  0 .7 2 ;
a n d  h e a r t ,  0 . 6 6 .
V a lu e s  o b t a i n e d  on  1 6 -d a y  sam p les  a r e  g iv e n  i n  T a b le  I I I .
Though  r a d i o a c t i v i t y  was c l o s e  t o  b a c k g r o u n d ,  good a g re e m e n t  was 
fo u n d  f o r  t h e  s e v e r a l  s a m p le s  o f  a  g iv e n  t i s s u e .  I t  may b e  o b s e r v e d  
t h a t  s p e c i f i c  a c t i v i t y  was lo w e s t  f o r  b r a i n ,  h i g h e s t  f o r  l i v e r .
D. T o t a l  C14 a c t i v i t y  o f  p la sm a  and o f  t i s s u e s
D e te r m in a t io n  o f  t o t a l  r a d i o a c t i v i t y  o f  t h e  p la sm a  was made on
6 r a t s  d u r i n g  th e  f i r s t  24 h o u r s  a f t e r  i n j e c t i o n ;  t h e s e  l i m i t e d  v a l u e s
s e r v e  o n ly  t o  g iv e  g e n e r a l  t r e n d .  The e a r l i e s t  sam p le  t a k e n  ( a t  3 /4
h o u r )  showed h i g h e s t  a c t i v i t y ,  3 .8 7  mjic/g d r y  w e ig h t  o f  p la s m a .  Even
o n  a  w e t w e ig h t  b a s i s ,  t h e  p la sm a  a t  t h i s  t im e  had  o n ly  a b o u t  1 /3  and
1 / 5  a s  much a c t i v i t y  a s  l i v e r  and k i d n e y ,  r e s p e c t i v e l y .  By 12 h o u r s ,
14C i n  t h e  s m a l l  s a m p le s  t e s t e d  had  d ro p p e d  a lm o s t  t o  b a c k g ro u n d  c o u n t ;  
t h e  a c t i v i t y  was c a l c u l a t e d  t o  be 0 .6 8  mjic/g d r y  w e i g h t .  The 2 4 -h o u r  
sam p le  had  a p p r o x im a te ly  t h e  same a c t i v i t y .  Beyond t h i s  t i m e ,  p la sm a  
C14 was to o  low f o r  d e t e r m i n a t i o n .  A l l  v a l u e s  o b t a i n e d  on p la sm a  
sa m p le s  a r e  i n c l u d e d  i n  T a b le  IV.
D a ta  on  t o t a l  C^4 a c t i v i t y  o f  t h e  t i s s u e s  a r e  g iv e n  i n  T a b le  IV, 
The 3 /4  h o u r  sam p le s  o f  l i v e r  and k id n e y  w ere  h i g h l y  r a d i o a c t i v e ;  t h e y  
u n d o u b te d ly  r e f l e c t  n e a r - p e a k  v a l u e s .  A t t h i s  t i m e ,  t h e  k id n e y s  
c o n t a i n e d  5%, and  th e  l i v e r  52%, o f  t h e  t o t a l  i n j e c t e d  d o s e .
S u b s e q u e n t  d e c l i n e  t o  h a l f  t h e  maxim al v a l u e  to o k  24 h o u r s  i n  th e  
k id n e y  and somewhat l e s s  th a n  24 h o u rs  i n  t h e  l i v e r . By th e  1 6 th  day 
t h e  r a d i o a c t i v i t y  had  f a l l e n  t o  2 . 6  mjjc/g d ry  l i v e r  and  2 .2  mjac/g d ry  
k i d n e y ;  th u s  0.4% o f  th e  dose  was i n  t h e  k i d n e y ,  and  3.1% i n  t h e  l i v e r .
14The h e a r t  was s i m i l a r  t o  t h e  b r a i n  I n  h a n d l i n g  t h e  C . M aximal 
r a d i o a c t i v i t i e s  w ere  n o t  o b s e r v e d  u n t i l  a b o u t  t h e  1 2 th  t o  2 4 t h  h o u r .
A t t h i s  t im e  th e  h e a r t  c o n t a i n e d  a b o u t  1.4% o f  t h e  i n j e c t e d  d o s e ,  and 
t h e  b r a i n  c o n t a i n e d  2 .8% . The s u b s e q u e n t  d e c r e a s e  i n  r a d i o a c t i v i t y  
o c c u r r e d  a t  a  much s lo w e r  r a t e  th a n  i n  k id n e y  an d  l i v e r .  The b r a i n  was
e x c e p t i o n a l  i n  i t s  a b i l i t y  t o  m a i n t a i n  i t s  r a d i o a c t i v i t y  i t  to o k
10 day s  f o r  t h e  r a d i o a c t i v i t y  t o  d e c l i n e  t o  o n e - h a l f  t h e  m axim al v a l u e .  
A t 16 d ay s  t h e  h e a r t  c o n t a i n e d  0.4% and t h e  b r a i n  0.8% o f  t h e  i n j e c t e d  
r a d i o a c t i v i t y  d o s e .
Table IV. (continued)
2 day B8
H27
F45
G48
G49
Mean
14.4 
16.0 
16.0 
16.9 
19.1
16.5 ± 1.7
18.5
15.9 
18.0
20.6  
26.3
19.9 + 4 .0
17.5
14.8 
18.0
14.9
21.6
17.3 + 2 . 8
18.6
20.1
21.0
25.1
23.0
21.6 ± 2.5
4 day B9 6.3 11.7 14.6 18.0
D20 9.3 12.9 20.0 21.7
D25 8.6 13.3 18.2 19.2
G50 11.4 11.5 18.7 21.3
Mean 8.9 * 2 .1 12.4 + 0.9 17.9 + 2 .3 20.0  ± 1.8
8 day D21 4.8 7.9 11.5 11.0
D22 6.3 9.6 14.1 17.9
G51 5.4 8.9 12.4 12.4
G52 6.2 10.3 14.5 14.4
Mean 5.7 ± 0.7 9.2 1,0 13.1 ± 1.4 13.9 ± 3.0
16 day D18 2.8 3.5 5.8 4 .4
D19 1.5 2 .4 5.7 4 .9
D23 1.8 2.5 5.1 5.2
F46 2.5 2 .0 6.0 4 .4
Mean 2.2 t  0*6 2.6 i  0.6 5.6 t  0*4 4 .7  ± 0.4
Standard deviation
Table IV. T ota l r a d i o a c t i v i t i e s  o f  ly o p h l l iz e d  t i s s u e s
Time Rat No. C14 Actlv- .ty (muc/g dry t issu e)
Kidney Liver B ra in Heart Plasma
3 /4  h r BIO 33 .6 4 9 .4 5 .5 9 .2 3 .9
E38 54 .1 69 .6 9 .7 10 .4 —
Mean 4 3 .8 5 9 .5 8 .3 9 .8
lk  hr B12 31.3 39 .8 6 .2 9 .5 1.2
E39 4 4 .7 58 .7 10 ,1
Mean 38 .0 4 9 .2 8 .2
3 h r B ll 34 .9 4 0 ,8 8 .5 13 .5 1 .7
E40 4 8 .4 4 7 .5 12.2 14.2
Mean 4 1 .8 4 4 .2 10.4 13.8
6 h r H26 2 6 .0 5 9 .0 10 .5 13 .4 1 .3
12 h r H28 3 9 .8 31.2 16.1 2 2 .8
E41 31.7 4 1 .6 18.2 ------ 0 .7
Mean 35 .8 36.4 17.2
1 day D24 2 1 .6 24 .2 16 .8 2 1 .1 0 .7
E42 2 5 .9 2 3 .5 19.7 2 4 .0 ----
F44 20 .7 2 7 .5 1 7 .0 2 0 .6 —
G47 20 .9 2 4 .0 2 1 .8 22 .2 —
Mean 2 2 .3  ±  2 .4 * 2 4 .8  + 1 .8* 18 .8  + 2 .4 2 2 .0  +  1 .5
DISCUSSION
R e c o g n i t io n  o f  t h e  n u t r i t i o n a l  s t a t e  o f  t h e  a n im a ls  u s e d  i n  
t h e s e  e x p e r im e n t s  i s  im p o r t a n t  f o r  p r o p e r  i n t e r p r e t a t i o n  o f  r e s u l t s  
o b t a i n e d .  Though th e  amount o f  th ia m in e  p r o v id e d  was lo w , i t  was n o t  
s o  low t h a t  d e f i c i e n c y  symptoms m ig h t  be  e x p e c t e d .  W il l ia m s  and 
S p ie s  (1 9 3 8 ) ,  on th e  b a s i s  o f  d a t a  from  many w o r k e r s ,  e s t i m a t e  t h a t  
w i t h  a  r a t  w e ig h in g  125 g ,  a  d a i l y  a l l o t m e n t  o f  o n ly  2 yxg w i l l  p r e v e n t  
p o l y n e u r i t i s  and t h a t  4 jig d a i l y  w i l l  a l lo w  no rm al g ro w th .  M id d le to n  
and M o rr is o n  (1962) r e p o r t  r a p i d  g ro w th  o f  r a t s  i n j e c t e d  w i t h  5 jig 
d a i l y .  The dose  o f  20 pg i n j e c t e d  e v e r y  2 days i n  th e  s tu d y  r e p o r t e d  
h e r e  a l lo w e d  no rm a l g ro w th  and freed o m  from  any symptoms o f  d e f i c i e n c y .
The q u e s t io n  o f  what t o t a l  body c o n te n t  o f  th iam ine or what con­
c e n t r a t io n s  o f  th e  v ita m in  in  v a r io u s  t i s s u e s  i s  "normal" fo r  th e  r a t  
i s  n o t  e a s i l y  answ ered. T is s u e  l e v e l s  vary  w i t h  th e  l e v e l  o f  in ta k e  
(Byerrum and F l o k s t r a ,  1951) . Many com m ercial r a t io n s  p rov id e  l i b e r a l  
amounts o f  th ia m in e ,  and anim als m a in ta in ed  on them may a cq u ire  h igh er  
t i s s u e  c o n c e n tr a t io n s  o f  t h i s  su b sta n ce  than may o th er  normal r a t s  
s u p p l ie d  l e s s  co p io u s  am ounts. T is su e  c o n c e n tr a t io n s  i n  th e  anim als  
were lower than th o se  r e p o r te d  fo r  normal r a t s ;  a t  th e  te r m in a t io n  o f  
th e  ex p er im en t ,  l i v e r ,  h e a r t ,  and k idney  l e v e l s  were about 167=, 217=, 
and 127=, r e s p e c t i v e l y ,  o f  v a lu e s  g iv e n  by Dreyfus (1959) and Baker e t a l .  
( 1 9 6 4 ) .  The c o n c e n tr a t io n  o f  th iam ine  in  the b r a in  a t  t h i s  t im e ,  on 
th e  o th er  h a n d ,  was o n ly  s l i g h t ] y l e s s  than normal v a lu e s  r e p o r ted  by
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t h e  w o rk e r s  j u s t  c i t e d  and was s t i l l  2 t o  4 t im e s  t h a t  g iv e n  f o r  
d e f i c i e n t  a n im a ls  ( D r e y f u s ,  1 9 6 1 ) .  T h iam ine  l e v e l  o f  t h e  b r a i n  i s  an  
im p o r t a n t  c r i t e r i o n  f o r  d e t e r m i n i n g  th ia m in e  d e f i c i e n c y  (D re y fu s  and 
V i c t o r ,  1 9 6 3 ) .
A t h i r d  p a r a m e te r  f o r  g e n e r a l  e v a l u a t i o n  o f  n u t r i t i o n a l  s t a t e  i s  
amount o f  n o n -d e g ra d e d  v i t a m i n  e x c r e t e d  i n  t h e  u r i n e .  No s t r i c t  
r e l a t i o n  h o l d s ,  b u t  u r i n a r y  e x c r e t i o n  o f  t h e  th ia m in e  m o le c u le  does  
r e f l e c t  l e v e l  o f  i n t a k e  and e x t e n t  o f  s a t u r a t i o n  o f  s t o r a g e  s i t e s  
(L eo n g ,  1 9 3 7 b ) .  S in c e  p la sm a  c o n c e n t r a t i o n  m u s t ,  i n  t h e  n o rm a l a n im a l ,  
b e  t h e  m a jo r  d e t e r m i n a n t  o f  l o s s  t h r o u g h  t h e  k i d n e y ,  i t  i s  n o t  
s u r p r i s i n g  t h a t  t h e  m anner i n  w h ic h  a  g iv e n  amount o f  th i a m in e  i s  
a d m i n i s t e r e d  w i l l  i n f l u e n c e  t h e  f r a c t i o n  l o s t .  When 20 p g ,  f o r  
e x a m p le ,  i s  g iv e n  i n  a  s i n g l e  i n j e c t i o n ,  l o s s  o f  i n t a c t  v i t a m i n  w i l l  
b e  g r e a t e r  t h a n  i f  t h i s  am ount w e re  made a v a i l a b l e  t h r o u g h  c o n su m p tio n
o f  a  d a y ' s  f o o d .  A p p ro x im a te ly  30% o f  t h e  l a b e l e d  th i a m in e  i n j e c t e d
i n t o  t h e  r a t s  was e x c r e t e d  a s  i n t a c t  t h i a m i n e .  From d a t a  p r o v id e d  by 
M cC arth y ,  C e r e c e d o ,  and  Brown (1954) on th ia m in e  s u f f i c i e n t  r a t s
m a i n t a i n e d  on r a t i o n s  h i g h  i n  th ia m in e  (20  p g / g  d i e t )  and i n j e c t e d  w i t h
35 3550 ug o f  S - t h i a m i n e ,  i t  a p p e a r s  t h a t  a b o u t  37% o f  t h e  S e x c r e t e d  i n
t h e  u r i n e  r e p r e s e n t e d  i n t a c t  t h i a m i n e .  T o t a l  th i a m in e  ( l a b e l e d  and
n o n - l a b e l e d )  l o s t  by  t h e  a n im a ls  t h r o u g h  th e  u r i n e  a v e r a g e d  3 .6  p g / d a ;
d a i l y  l o s s  was n o t  c o n s t a n t ,  b u t  t e n d e d  t o  d e c l i n e  w i t h  t i m e .  My
i n t e r p r e t a t i o n  o f  t h e s e  d a t a  i s  c o n s i s t e n t  w i t h  t h a t  b a s e d  on t i s s u e
th i a m in e  c o n c e n t r a t i o n s  t h a t  i s ,  I  was d e a l i n g  w i t h  n o rm a l  a n im a ls
sho w in g  some d e c l i n e  i n  t i s s u e  s t o r e s .
Some f u r t h e r  comments s h o u ld  be  made r e g a r d i n g  my e s t i m a t e  o f  
a  b i o l o g i c a l  h a l f - l i f e  o f  a b o u t  6^  days f o r  r a t s  on low th ia m in e
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i n t a k e .  T h i s  i s  t h e  h a l f - l i f e  o f  th i a m in e  e x c l u s i v e  o f  t h a t  l o s t  
im m e d ia te ly  a f t e r  i n j e c t i o n ,  p re s u m a b ly  a s  a  c o n se q u e n c e  o f  e x t re m e  
e l e v a t i o n  o f  p la sm a  c o n c e n t r a t i o n .  V a l i d i t y  o f  t h i s  i n t e r p r e t a t i o n  i s  
s u p p o r t e d  by  F i g u r e  4 ,  w h ic h  c l e a r l y  shows t h e  y - i n t e r c e p t  o f  t h e  
r e g r e s s i o n  l i n e  t o  b e  d i s t i n c t l y  b e lo w  c a l c u l a t e d  c o n c e n t r a t i o n  f o r  0 
t i m e .  The o ' l y  o t h e r  e s t i m a t e s  o f  h a l f - l i f e  o f  t h i a m in e  o f  w h ic h  we 
a r e  aw are  a r e  t h o s e  r e p o r t e d  b y  B a l a g h i  and P e a r s o n  (1966). They 
g iv e  h a l f - l i v e s  o f  9 and  6 d a y s ,  r e s p e c t i v e l y ,  f o r  m a tu re  f e m a le  r a t s  
m a i n t a i n e d  on 30 ug  th i a m in e  d a i l y  and  f o r  t h i a m i n e - d e f i c i e n t  r a t s ,  
b u t  f a i l  t o  p r o v id e  p r o p e r  s u p p o r t  f o r  t h e s e  v a l u e s .  The f i g u r e  th e y  
p r e s e n t  f o r  t h e  m a tu r e  r a t s  ( a  p l o t  o f  a c t i v i t y  i n  t h e  u r i n e  v e r s u s  
t i m e ,  u s i n g  an  a r i t h m e t i c  g r i d )  does  n o t  a l l o w  c o n v e n t i o n a l  c a l c u l a ­
t i o n  o f  h a l f - l i f e .  F u r t h e r m o r e ,  i t  a p p e a r s  t h a t  t h e i r  d a t a  f o r  t h e  
f i r s t  15 d ay s  o f  t h e i r  s t u d y  i n d i c a t e  a  h a l f - l i f e  s h o r t e r  t h a n  t h e i r  
e s t i m a t e d  9 d a y s .
E s t im a t io n  o f  r a t e  o f  th iam in e  l o s s  i n  i t s  b r o a d e s t  s e n s e  ( I . e . ,  
th e  sum o f  th ia m in e  degraded  and th a t  e l im in a t e d  as th e  i n t a c t  
m o le c u le )  may p o s s i b l y  be  made from th e  k in d  o f  d a ta  w h ich  we have on 
u r in e  sa m p le s .  Assuming th a t  the main mass o f  th e  s i n g l e  t r a c e r  dose  
and o f  su b seq u en t d oses  o f  n o n - la b e le d  v i ta m in  become p a r t  o f  a 
g e n e r a l  body p o o l ,  th en  i t  would appear th a t  fo r  u r in a r y  components  
th e  f o l l o w i n g  r e l a t i o n s h i p  h o ld s :
___________________ Thiamine____________________  _ T hiam ine-
Thiamine -  Thiamine in  degraded form T o ta l
From v a l u e s  o b t a i n e d  i n  my s t u d y ,  i t  i s  c a l c u l a t e d  t h a t  a b o u t  23 ug 
o f  th i a m in e  and i t s  m e t a b o l i t e s  was l o s t  d u r i n g  th e  i n t e r v a l  b e tw ee n
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d o s e s  o f  20  j ig .  U r i n a r y  d a t a  th u s  s u g g e s t  s l i g h t  n e g a t i v e  b a l a n c e  f o r  
t h i a m i n e .  A d d i t i o n a l  l o s s e s  t h r o u g h  o t h e r  r o u t e s  ( d i g e s t i v e  t r a c t ,  
l u n g s )  c a n n o t  b e  e s t i m a t e d  a t  t h i s  t i m e .
R e l a t i v e l y  few  p u b l i c a t i o n s  on  t r a c e r  s t u d i e s  g iv e  s p e c i f i c  
a c t i v i t i e s  o f  t h i a m i n e  I n  t h e  t i s s u e s .  V in c e n t  (1 9 5 7 )  an d  R i n d i  e_t a l . 
(1 9 6 2 )  do g i v e  s u c h  i n f o r m a t i o n  f o r  r a t  l i v e r ,  and  some c o m p a r i s o n  o r  
my d a t a  may b e  made w i t h  t h e i r s .  F o r  s u c h  c o m p a r i s o n ,  one m ust 
n e c e s s a r i l y  r e l a t e  s p e c i f i c  a c t i v i t y  o f  a  t i s s u e  a t  a  g iv e n  t im e  to  
s p e c i f i c  a c t i v i t y  o f  t h e  i n j e c t e d  d o s e .  A s id e  f ro m  r a d i o a c t i v i t y  
i n j e c t e d ,  s i z e  and  n u t r i t i o n a l  s t a t u s  o f  a n im a ls  u s e d  and t h e  q u a n t i t y  
o f  th i a m in e  i n  w h ic h  t h e  l a b e l  i s  i n c o r p o r a t e d  a r e  m a jo r  f a c t o r s  
w h ic h  may i n f l u e n c e  t h e  s p e c i f i c  a c t i v i t y  o f  a  g iv e n  t i s s u e .  I t  i s  o f  
i n t e r e s t  t h a t  e v e n  th o u g h  t h e  t h r e e  s t u d i e s  w h ich  I  c o n s i d e r  h e r e  
( t h e  two c i t e d  above  and  my w ork )  d i f f e r  i n  more t h a n  one  p a r a m e t e r ,  
t h e y  n e v e r t h e l e s s  y i e l d  r e s u l t s  o f  t h e  same g e n e r a l  o r d e r .  E x p r e s s e d  
i n  r e l a t i o n  t o  s p e c i f i c  a c t i v i t y  o f  t h e  a d m i n i s t e r e d  d o s e ,  t h e  s p e c i f i c  
a c t i v i t y  o f  l i v e r  a t  3 / 4  h o u r  i n  my r a t s  l i e s  b e tw ee n  v a l u e s  c a l c u ­
l a t e d  from  d a t a  i n  t h e  o t h e r  two s t u d i e s  f o r  l i v e r  a t  1 h o u r  a f t e r  
i n j e c t i o n  o f  t h e  l a b e l .
Turnover o f  th ia m in e  w i t h i n  major body organs i s  o f  c o n s id e r a b le  
i n t e r e s t ,  b u t  th e  problem  i s  com plex in d e e d .  Here my own i n t e r e s t  i s  
more w i t h  th e  h a l f - l i f e  o f  th ia m in e  c u r r e n t ly  in v o lv e d  i n  c e l l  
f u n c t io n  th an  in  t h a t  e x t r a  t r a c t i o n  w hich  m ight be r eg a rd ed  as  
r e p r e s e n t in g  f a i r l y  m o b ile  body s t o r e  ( i f  one can in d eed  d i s t i n g u i s h  
su ch  f r a c t i o n s ) .  The r a p id  uptake o f  th iam in e  by l i v e r  and k id n ey  
t e l l s  us l i t t l e  e x c e p t  t h a t  t h e s e  organs have e x c e p t i o n a l  a b i l i t y  to  
b in d  c i r c u l a t i n g  th ia m in e ;  b o t h  th e  uptake phase and th e  i n i t i a l
p h a se  o f  r e l e a s e  i n d i c a t e  g r e a t e r  te n d e n c y  to w ard  e q u i l i b r a t i o n  w i t h  
p la sm a  l e v e l  t h a n  i s  d e m o n s t r a t e d  b y  h e a r t  and b r a i n .  The p e r i o d s  o f  
r e l a t i v e  s t a b i l i t y  o f  s p e c i f i c  a c t i v i t y  v a l u e s  f o r  l i v e r ,  h e a r t ,  and 
p a r t i c u l a r l y  b r a i n  a r e  d i f f i c u l t  t o  a n a ly z e  i n  te rm s  o f  k i n e t i c s ,  f o r  
we c a n  no more f o l l o w  i n f l u x  and e f f l u x  o f  l a b e l e d  m o le c u le s  t h a n  we 
c a n  w i t h  n o n - l a b e l e d  o n e s .  The p h a se  o f  f i n a l  d e c l i n e  o f  a c t i v i t y  o f  
an  o rg a n  i s  commonly u sed  f o r  e s t a b l i s h i n g  h a l f - l i f e  o f  a  c o n s t i t u e n t  
u n d e r  c o n s i d e r a t i o n .  My d a t a  on d e c l i n e  o f  s p e c i f i c  a c t i v i t y  o f  
th i a m in e  i n  th e  o rg a n s  s t u d i e d  do n o t  d i r e c t l y  y i e l d  w hat I  c o n s i d e r  
r e l i a b l e  e s t i m a t e s  o f  h a l f - l i v e s ,  and I  t h e r e f o r e  w is h  to  do f u r t h e r  
a n a l y s i s  on th e  d a t a  b e f o r e  r e p o r t i n g  h a l f - l i v e s  o f  th ia m in e  i n  l i v e r ,  
k id n e y ,  h e a r t ,  and b r a i n .
SUMMARY
14The d i s t r i b u t i o n  o f  a  s i n g l e  t r a c e r  do se  o f  th ia m in e -C  
c h l o r i d e  was s t u d i e d  i n  y o u n g , g row ing  r a t s  w h ic h  w ere  m a in t a in e d  on 
r e s t r i c t e d  am ounts o f  th e  v i t a m i n .  F o l lo w in g  th e  i n j e c t i o n  o f  t h e  
l a b e l e d  m a t e r i a l ,  th e  a n im a ls  w ere  k i l l e d  a t  d e s i g n a t e d  t im e s  r a n g in g  
from  3 /4  hour t o  16 d a y s .  L i v e r ,  k id n e y ,  h e a r t ,  and b r a i n  were 
e x c i s e d  p ro m p t ly  a f t e r  d e a th  and l y o p h i l i z e d .  U rin e  c o l l e c t i o n s  w ere  
made a t  1 -  o r  2 -d a y  i n t e r v a l s .
The l e v e l s  o f  r a d i o a c t i v i t y ,  t o t a l  th ia m in e ,  and i n t a c t  
th iam ine-C *^ were determ ined  fo r  the u r in e  and t i s s u e  sa m p le s .  The 
s p e c i f i c  a c t i v i t i e s  o f  th e  t i s s u e s  were com puted. The b i o l o g i c a l  h a l f -  
l i f e  o f  th iam in e  was c a l c u l a t e d  to  be 6 1 /2  d a y s .
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